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ABSTRACT. Monthly anomalies of surface pressure for quadrangular grids over Indian Seas have been com-

puted utilising 15 years’ INCLI data (1976-90). The relationships between the grid pressure anomalies and summer
monsoon rainfall over India have been discussed. Good correlations have been found between the anomalies of May

and the monsoon rainfall.

Key Words — INCLI (report of monthly means of surface pressure for the Indian Ocean), Pressure anomalies,
Correlation coefficient, Long-range forecasting.

I. Introduction

It is generally recognised that the distributions of
atmospheric and oceanographic parameters over
Indian Seas play a key role in the performance of
Indian summer monsoon. Recent studies (Dube et al.
1990, Gopalakrishna er al. 1988 a, b and Joseph 1981)
indicated that mutch of the year-to-year variability of
the summer monsoon rainfall over India may be due
to the variations of oceanic parameters. Ranjit Singh
(1980, 1983) studied the Sea Surface Temperature (SST)
and pressure patterns over north Indian Ocean utilis-
ing the data of Marine Climatological Summaries. He
found higher SST and lower surface pressure over
most of the oceanic areas during good monsoon years.
The aim of present study is to look into the probable
relationships between the pressure anomalies over
Indian Seas and the monsoon rainfall. Correlation
Coefficients (CCs) between the anomalies over
Arabian Sea and Bay of Bengal and the seasonal and
monthly rainfall departures for India as a whole have
been computed.

2. Data and methodology

Monthly normals of surface pressure for 5° X 5°
grids over Arabian Sea and Bay of Bengal were worked
out for pre-monsoon and monsoon months (March-
September) utilising the reports of monthly means of
surface pressure for Indian Ocean derived from the
ships’ observations for the period 1976-90, As an
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international commitment the reports of monthly
means of surface pressure are transmitted on Global
Telecommunication System (GTS) every month. Such
reports for Indian Ocean are known as INCLI (IN—
Indian Ocean, CLI—climate). In the computations of
the monthly normal for a particular grid point all
reports (1976-90) of that month for that grid point were
used. The mean monthly pressure value for a grid
point in the INCLI data is obtained from all ships’
observations recorded in the neighbourhood of that
grid point during that particular month. Monthly
anomalies for each grid point have been computed for
individual years.

Indian monsoon rainfall data given by Thapliyal
(1990) and periodical publications of Mausam have
been used. The fbllowing sets of CCs have been
computed :

(a) CCs between mean monthly anomalies
(May-August) over Arabian Sea and monthly
rainfall departures (June-September) for
India as a whole with a lag of one month.

(b) CCs between monthly. anomalies over
Arabian Sea and the corresponding monthly
rainfall departures for India as a whole
(June-September) without lag.

(c) CCs between the mean ..asonal pressure
anomalies over Arabian Sea and all India
summer monsoon (June-September) rainfall
departures.
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Fig!_l(a.&!.:). Distribution of pressure  anomalies. during
(a) May 1987, and (b) May 1988

.

(d) CCs_between mean monthly anomalies
(May-September) over Arabian Sea and
seasonal (June-September) rainfall depar-
tures for India as a whole.

(¢) CCs for individual grid points over Ara-
bian Sea. Similar CCs (a-e) have been com
puted for Bay of Bengal separately.

3: Results and discussion

31. CCs between mean monthly anomalies and
monthly rainfall departures (with a lag of
one month)

Mean pressure anomalies for every month (May-
August) have been worked out for Arabian Sea and
Bay of Bengal. All grid-anomalies over Arabian Sea
have been considered in the computation of mean
anomalies over Arabian Sea. Similarly, mean
anomalies over Bay of Bengal have been obtained
by taking average of all grid-anomalies over Bay of
Bengal. The CCs between mean monthly anomalies
and all India rainfall departures of succeeding
months have been computed. It is found that good
correlations exist between the anomalies of May and

the rainfall departures of June. The CCs of other
months are insignificant (except the CC between
mean anomaly of .August over Arabian Sea and
rainfall departure of September for India as a whole
which is —0.79) and their discussion is omitted. The
CCs are given in Table 1. The CC for Arabian Sea
mean anomaly of May and all India rainfall depar-
ture of June is —0.67 and the corresponding CC
value for Bay of Bengal is —0.70: both CCs being
significant at 1% level.

The above CCs indicate that negative pressure
anomalies over Arabian Sea and Bay of Bengal
during the month of May are conducive for better
monsoon rainfall over India during the month of
June. However, CC values of June and July show
that no significant correlations exist between the
pressure anomalies of June-July over Indian Seas
and the rainfall of succeeding months (July-August).
Negative pressure anomalies over Arabian Sea
during August appear to be favourable for good
monsoon activity over India during the month
of September.

The results of this section may find some
application in the long-range forecasting (of time-
scale of one month) of Indian summer
monsoon rainfall.

3.2, CCs between monthly anomalies and the rain-
fall departures of the same months (without
lag)

The CCs between the anomalies and the rainfall
of same months (given in Table 2) show that nega-
tive pressure anomalies over Indian Seas during July
correspond to good rainfall activity over India dur-
ing July. No significant correlations have been
found during June, August and September. CC
values for July for Arabian Sea and Bay of Bengal
are —0.74 (significant at 1% level) and —0.54
(significant at 0.5% level) respectively. These cor-
relations may have some applications in the
medium range forecasting of summer monsoon rain-
fall over India during the month of July.

3.3. CCs berween the mean seasonal anomalies and
all  Indic  summer  monsoon rainfall
departures

The CCs between the mean pressure anomalies
of March-April-May (MAM) and June-July-August
(JJA) over Arabian Sea and Bay of Bengal and all
India rainfall departures of summer monsoon arc
shown in Tahle 3. Good correlation has been found
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TABLE 1

CCs between mean monthly pressure anomalies and all India rainfall
departures of succeeding months

TABLE 4

CCs between mean monthly pressure anomalies of pre-monsoon and
all India rainfall departures of SW monsoon (June-Seprember)

May-Jun Jun-Jul  Jul-Aug  Aug-3ep Mar-JJAS  Apr-1JAS  May-JJAS
Arabian Sea —0.67* —0.06 —0.40 —0.79* Arabian Sea +0.11 —0.28 —0.51%*
Bay of Bengal —0.70* ~0.24 +0.09 +0.29 Bay of Bengal +0.15 —0.03 —0.48
TABLE 2 TABLE 5

CCs between mean monthly pressure anomalies and all India rainfall
departures of same months

CCs between mean monthly pressure anomalies of SW monsoon and
all India rainfall departures of SW monsoon (June-Scpiember)

Jun-Jun Jul-Jul  Aug-Aug  Sep-Sep Jun-JJAS Jul-JJAS  Aug-JJAS  Sep-JIAS
Arabian Sea —028 —074* —0.45 +043 Arabian Sea —0.05 —075* —0.51** —0.61**
Bay of Bengal —0.05 —0594** +0.46 —0.11 Bay of Bengal +030 —029 —0.02 —0.58**
*Significant at 1% level. ** Significant at 5% level
TABLE 3

CCs between mean sedsonal pressure anomalies and all India rainfall
departures of SW monsoon (June-September)

MAM-JJAS JIA-JJAS
Arabian Sea —0.17 —0.70*
Bay ol Bengal —0.14 +0.06

between JJA—pressure anomaly of Arabian Sea and
all India summer moonsoon rainfall. which is —0.70
(significant at 1% level). It is interesting to note that
the correlation between mean seasonal anomaly of
MAM and all India summer monsoon rainfall is
not significant.

Thus the mean seasonal pressure anomalies of
pre-monsoon over Indian Scas do not provide any
predictive indications of ensuing summer monsoon
rainfall over India. This led the authors to inves-
tigate the correlations between monthly anomalies
and the Indian summer monsoon rainfall which is
discussed in the next scction.

34. CCs berween the monthly anomalies and all
India summer monsoon rainfall departures

Tables 4 and § show the CCs between monthly
anomalies and seasonal (June-September) rainlall
over India. Necgative corrclations exist boiween
pressure anomalies over Indian Seas during the
month of May and the seasonal rainfall departures.

These CCs for Arabian Sea and Bay of Bengal are
—0.51 and —048 respectively, the lormer being
signilicant at 5% level. Though the CCs are not very
high yet the distribution of pressure anomalies over
Indian Seas during May can provide uselul
indications of ensuing summer monsoon rainfall
over India. The CCs for the remaining two months
of pre-monsoon, fe, March and April are
insignificant.

For monsoon months high negative CC is found
between July—anomaly of Arabian Sea and all
India summer monsoon rainfall. which is —0.75
(significant at 1% level). Corresponding CCs for
Arabian Sea anomalies of August and September
are —0.51 and —0.61 respectively (both significant at
5% level). Thus the distribution of pressure
anomalies over Arabian Sca can be an uselul pre-
dictor for the southwest monsoon rainfall ovu
India.

3.5. Gridwise distribution of CCs

3.5.1. CCs between pressure anomalies of May and
rainfall departures of June

The CCs between the anomalies of May at fixed
grid points and the rainfall departure of June have
been computed. The distribution of grid-CCs thus
obtained has becn shown in Table 6. The significant
feature revealed by Table 6 is that the pressure
anomaly at each individual grid point in May and
the rainfall over India during June are negatively
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correlated. Except for a few .grid points the TABLE 6
correlations are quite good all over Arabian Sea and Gridwise CCs hetween May pressure anomalies and all India
Bay of Bengal. The CC-values range from —043 to rainfall departures of June
—0.80 (only CCs with [ccl> 0.60 have been shown
in Table 6). Thus the type of anomalies prevailing
over Arabian Sea and Bay of Bengal during May 15N, 65°F —073*
can give predictive indications of ensuing SW PN, 65°F 064
monsoon rainfall over India during the month N T0°F —0.64%*
of June. 20°N, 90°F —0.68*
I5°N, 60°F —0.74
3.5.2. Distribution of CCs  between  pressure 15°N. 70°F —0.60%*
anomalies of May and seasanal  {June- 15°N. 85°F —061*e
September) rainfall departures 15°N. 90°F —073*
10°N, 55°E —0.74*
The grid-CCs (having absolute values > 0.60) 10°N, 60°E —0.69*
between May-anomalies and seasonal rainfall over 10°N, 95°E —0.60%*
India have been shown in Table 7. Highest CC- 5°N, 80°E —0.80*
value is observed over Arabian Sea at the grid point 5N, 85°E —0.74*
2.5°N, 60°E, which is —0.78 (significant at 1% level). N TR —45
In general, the CC-values are lower than those *Significant at 1% level,
shown in Table 6 but all are again negative. s*Significant at 5% level,

Grid point ce
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TABLE 7

Gridwise CCs between May anomalies and all India rainfall
departures of summer monsoon (Jun-Sep)

Grid point cC

25°N. 60°E —0.78*
25°N, 65°E —0.60**
153°N. 65°E —0.60%*
5°N, T0°E —(.66*

*Significant at 1% level,
**Significant at 5% level.

Therefore, it appears that there exists a definite
negative correlation between pressure anomalies of
May over Indian Seas and seasonal (June-
September) rainfall over India. However, while mak-
ing any inference about seasonal rainfall it would be
advisable to consider the anomalies of those grid
points where CCs are high.

3.6. Distributions of pressure anomalies during May
of the vears 1987 and 1988

The distributions of anomalies during the month
of May of the years 1987 (a dry monsoon year) and
1988 (a wet monsoon year) have been shown in
Figs. 1 (a & b) respectively. The years 1987 and 1988
have been particularly chosen due to their contrast-
ing summer monsoons. During 1987, there was a
major monsoon failure whereas 1988 was an
extremely good monsoon year. The seasonal rainfall
departures (June-September) for India as a whole
during these years were —19% and +19% respec-
tively. It is seen from Figs. 1 (a & b) that entire area
over Arabian Sea and Bay of Bengal was covered
with positive pressure anomalies during May 1987
whereas negative anomalies prevailed during
May 1988.

3.7. Variability of May-pressure anomalies over
Arabian Sea and summer monsoon rainfall
departures over India (June-September) for the
period 1976-90

The distributions of mean pressure anomalies of
May over Arabian Sea and all India rainfall depar-
tures during June-September for the period 1976-90
have been depicted in Fig. 2. The figure clearly

7—91IMD/94.

brings out the negative correlation between pressure
anomalies and rainfall departures.

Negative surface anomalies over Indian Seas
during the month of May are, perhaps. conducive
for stronger inter-hemispheric pressure gradients just
before the commencement of summer monsoon and
consequently more rainfall over India. The state of
Indian Seas during later period of pre-monsoon
season (say during May) appears to play a crucial
role in the Indian summer monsoon rainfall

4. Conclusions

The study has brought out the following

results :

(/) Negative pressure anomalies over Indian
Seas during the month of May are
associated with good summer monsoon
activity over India during the month
of June.

(i) Negative pressure anomalies over Indian
Seas during July have been found to be
associated with good monsoon activity
over India during July.

(iif) Negative pressure anomalies over Indian
Seas during May are correlated to good
seasonal (June-September) rainfall over
India.

(iv) Mean pressure anomaly of August over
Arabian Sea is negatively correlated to the
September rainfall over India.

(v) High negative correlation has been found
betwen mean pressure anomalies of June-
August (JJA) over Arabian Sea and all
Indian summer monsoon rainfall.

A practical aspect of the present study is that the
results can be readily applied as the input monthly
INCLI data is available immediately after the com-
pletion of each month.
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